car fumes and the road surface (including paints used for painting lanes) [Walczak et al. 2011] . The deposition of heavy metals in roadside areas is described as decreasing as the distance from the edge of the road increases, but in a differentiated manner depending on the form of use of roadside land [Shaohua Wu et al., 2011 , Bakirdere and Yaman 2008 , Viard et al., 2004 , Właśniewski 2007 , Kubus et al. 2013 , Kwasowski 2013 , RojRojewski and Klimaszewska 2014 .
For many years, solutions have been sought to improve road communications, especially in urban areas. This may not only bring an economic effect, but also an environmental one: a reduction in high emissions associated with the instantaneous acceleration and deceleration of vehicles. One of the most frequently used solutions is to design intersections as roundabouts. The total number of roundabouts in Zielona Góra is 28, which in a mediumsized town has a significant impact on communication. 
MATERIAL AND METHODS
Four roundabouts located at the northern bypass road of the town were chosen for these studies: The location of the roundabouts in the city is shown in Fig. 1 . The main spatial characteristics of the described roundabouts are summarised in Table 2 The soil material was air-dried and sieved through a sieve with a mesh diameter of 2.0 mm.
Fig. 2. The scheme of roundabouts divisions (Geoportal 2015)
The particle size distribution was determined by sieving for parts above 2 mm and using the hydrometer method for sand, silt and The geo-accumulation index (I geo ) was calculated as I geo = log 2 (C n /1,5B n ) [Muller 1969 ] where C n is the concentration of the trace element in the tested sample and B n -the geochemical background value in the soil.
RESULTS AND DISCUSSION

Traffic area transformations
Soils of the traffic area were transformed as a result of multifactorial impact. The soil profiles were rebuilt during the construction of the roadway. Due to the low thicknesses of topsoil horizons, the human impact during these phases of changes resulted in transformation down to the parent material horizon.
The transformations of soil profiles were noted as wider than the road line, which is typical of large-scale construction work.
Within the road line, the soils are decapitated, covered with mineral material, compacted and sealed with an impermeable surface. The soils in the area nearby were usually transformed as a consequence of wastes present (mainly rubble, slag and municipal wastes), mixed, compacted and finally covered with organic material -preparation for the roadside green (Fig. 3) .
The soil profiles have been changed up to 50-100 cm deep, depending on soil location and human activities during the roundabout construction and land use.
Soil properties description
The particle size distribution of the soils from the tested roundabouts is mostly sand. Only the middle and outer link of roundabout No. 3 was loamy sand. The highest content of soil skeleton was noted in the centre and the island of each roundabout ( Table 1) .
The reaction of the tested soils is slightly acidic and neutral.
The lowest pH values were found mainly in the centre of the tested roundabouts, the highest pH was noted on the outer ring (Table 2 ). The content of organic carbon was low (range from 0.57 to 1.37). Only in the selected soils from roundabouts No. 2 and 3 (respectively from the centre and the island, the island and the middle and the outer ring), the TOC content was higher than 1%. Because of sandy texture and the low TOC content, the CEC reached 2.0-14.4 (av. 5.8 ± 3.0) cmol·kg −1 .
Heavy metal content in topsoil
The soil of the tested roundabouts has a diverse content of (Fig. 3-7 ). The differences in the content of metals can be observed in different parts of the roundabouts. A very important factor for lead sorption, besides the organic matter and clay content is soil reaction [Sauve et al. 1998 , Właśniewski 2007 , Gustafsson et al. 2011 , Fleming et al. 2013 . The data obtained show (Table 4) that the element, which creates the greatest risk is cadmium (I geo > 3, in all locations), the lowest risk to the environment is caused by chromium (I geo < 1). Due to pollution with more than one element, the highest environmental risk was found in the soil of the middle ring of roundabout No. 2 (for Zn, Cu, Cd, Pb). The geo-accumulation index for the other roundabouts was similar.
Spatial conditions of heavy metals distribution
Westerly winds (W, SW, NW) are the most frequent in Zielona Góra (WIOS 2010) . Industrial activity is located in the northern part of the town, the tested roundabouts are located at a considerable distance from residential areas. These facts have an impact on the contents of the selected heavy metals in the studied soil. Explanations: HA -hydrolytic acidity, TEB -total exchangeable bases, CEC -cation exchange capacity, BS -base saturation, TOC -organic carbon Table 2 . Selected properties of soils 2011 , Sławiński et al. 2014 , Kubus et al. 2013 , Wawer et al. 2013 .
CONCLUSION
Despite the significant traffic volume, the limits of the standardised content of metals in the soil of the studied areas were not exceeded.
The level of contamination within and across the roundabouts The geo-accumulation index for Pb, Cd, Cu, Zn was the highest in the middle ring of roundabout. Only the Cr content was on 'natural' level. In general, the highest geo-accumulation index was found for cadmium. 
